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* ? » A FIELD OF THE INVENTION 

This invention relates to new lo-hydroxy vitamin O7, 1a-hydroxy vitamin 0«, new intermediates used in 
the synthesis thereof and processes tor the preparation thereof. The invention also relates to pharmaceutical 
5 compositions which comprise as an active ingredient new la -hydroxy vitamin O7 or 1a -hydroxy vitamin Q«. 
which possesses improved activity to increase a mineral bone density. 

BACKGROUND OF THE ART 

10 The active forms of vitamin Dj. 1a v 2Sdihydroxy vitamin 03 and 1a-hydroxy vitamin D3 are known to be 
effective in the regulation of calcium metabolism including intestinal calcium absorption, intestinal calcium 
transport, bone calcium mobilization and bone calcification. These compounds exhibiting high activity in 
vivo have been used as a therapeutic agent for osteoporosis. However, an excessive intake of such 
compounds may cause side effects such as hypercalcemia because of its strong biological activity. 
75 An investigation has been undertaken to synthesize the active forms of vitamin 0 derivatives having 
bone mineral density-enhancing activity equal to or more than the active forms of vitamin Dj and further 
having reduced side effects and lower toxicity. It has been reported that {2ARy and (24S)-22,23-dihydro- 
1o,25-<fihydroxy vitamin 0* represented by formula (A) or (B) have lower toxicity and furthermore bone 
mineral density-enhancing activity of the same level as active forms of vitamin th (Biochim. Biophys. Acta. 
20 1091 (1991) 188-192). The analogues of such compounds are expected to possess an interesting 
pharmacological activity in association with the active forms of vitamins Ch and Cb However. 1a-hydroxy 
vitamin D7 and 1a-hydroxy vitamin D». i.e.. the compounds in which hydrogen substitutes a hydroxyl group 
at 25 position of the compound of formula (A) or (B) are not known because of difficulty and complexity in 
the synthesis. 
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DETAILED DESCRIPTION OF THE INVENTION 

45 The present inventors were successful in the synthesis of 1a-hydroxy vitamin D7 and lo-hydroxy 
vitamin D* and discovered that they possess reduced side effects as wefl as more improved activity to 
increase a mineral bone density and to induce a cefl Differentiation as compared with known active forms of 
vitamin D. 

The term "activity to increase a mineral bone density" as used herein refers to the activity to prevent 
50 bone loss or restore tost bone. 

A T * us invention provides new lo-hydroxy vitamin D7 of formula (I) and 1a-hydroxy vitamin D» of 
formula (II). 



55 



2 



EP 0 562 497 A1 




For studying new compounds of the invention, it was necessary to develop processes for their 
production. One alpha-hydroxy vitamin D? was synthesized for the first time and in the course of that 
synthesis new intermediates were also produced. 
20 Thus the invention also provides processes for the preparation of new 1a-hydroxy vitamin Or of formula 
(I), lo-hydroxy vitamin D« of formula (II) and new intermediates used in the synthesis thereof. 

The synthesis of ta-hydroxy vitamin D? (formula I) and 1a-hydroxy vitamin D» (formula II) is 
accomplished according to the method shown for example in process scheme I. 
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PROCESS SCHEME I 
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PROCESS SCHEME I (continued) 




(XX) :R,-Mc. R,-l! (XXII) : R , ~ Me, R,-H 

(XXI) :R,-H. R,-Mc (XXIII) : R i — II. R,-Me 
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FROCFSS SCHEME II 
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(XXIV) : R,«CH S . R 2 «H 

(XXV) : R,= H. R,= CH, 



(XXY1): R,= CH 3 , R,= H 
(XXVII): R,= H. R 2 =CH, 
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H,/Pd-C 



(VI) or (VII) 



As shown in process scheme I. the synthesis starts from the compound of formula (III) in which the 5,7- 
diene and the hydroxyl group at 3-posrtk>n of (22E>57^^o^statrien-3^-ol are protected, respectively with 

20 4-phenyM ^.4~triazofine-3.5-dione (PTAD) and with suitable protecting group conventionally used for the 
protection of hydroxyl group, e.g. tert-butykfimethyfeilyf. trimethytsiryt acetyl group or the like. The 
compound (HI) is subjected to ozone oxidation to form the 22-aJdehyde compound which is then reduced 
(e.g., with NaBH«) to the 22-aJcohol compound of formula (IV)- The ozone oxidation is carried out at a 
temperature below -20 'C in an inert solvent such as dtchkxomethane, OKhkxoethane. chloroform or the 

2S like, which is used in 5 to 50 times the amount of the compound (III). In that case, 1 to 5% of pyridine may 
be added to the compound (HI). The reduction is conducted at a temperature between -50*C and room 
temperature. In that case, NaBH* is used in 1 to 5 times the amount of compound (111). The compounds (III) 
and (IV) are separated and purified by a silica gel chromatography and the compound 0") thus recovered 
can be recycled. 

30 The compound (IV) is subjected to tosylation followed by riatogenation to form the 22-hak> compound of 
formula (V). The tosylation is carried out at a temperature of 0"C to 30'C for 1 to 20 hours in suitable 
solvents such as pyridine, triethylamtne. tfisorjropylamine or the See. For example, tosyl chloride is used In 
this reaction in 1.0 to 10 times the amount of the compound (IV). The solvents are used in 5 to 20 times the 
amount of the compound (IV). After conventional working up, the reaction product is used for the 

as subsequent reaction. The haJogenation is carried out at a temperature between room temperature and 
boiling point of the solvent for 1 to 10 hours in suitable solvents such as acetone, methyl ethyl ketone, 
dimemylformamide or the like. The solvents are used in 5 to 20 times the amount of the compound (TV). For 
example, an afeafi metal hafide such as Nal, NaBr, W. KBr or the Ike can be used as a hatogenating agent 
in the amount of 1.0 to 10 times that of the compound (IV). Purification of the reaction product is conducted 

«o by crystallization from hexane. ethyl acetate or the Bee. 

The 22-haJo compound (V) is condensed with a sulfone derivative of formula (VT) or (VH) under a basic 
condition e g., using n-butyl BtNum. Kthium diisopropylamide (IDA), sodium hydride or the Bee to form the 
compound of formula (VIII) or (DC). The sulfone derivative is used in 1 to 5 times the amount of the 
compound (V). This condensation reaction is carried out at a temperature of -30 -C to 30 *C for 0.5 to 5 

4S hours in suitable solvents such as THF. ether or the Bee which are used in 5 to 20 times the amount of the 
compound (V), preferably in a gas stream such as and Ar and if desired, in the presence of 
hexamethylphosphoric triamide (HMP A) or 1 ,3-dmiethyf-2^idazo§dinone. 

The protecting group at 30 position is removed from the compound (VH!) or (fX) to form the cfiol 
compound of formula (X) or (XJ). This reaction is carried out at a temperature of 0 to 30 • C under an acid 

so condition in suitable proton solvents. The adds such as p-tofoene sulfonic acid. pyrioWum-p^oiuene 
sulfonic acid or the Bke are used in 0.01 to 0.5 times the amount of the compound (VB) or (DQ. The proton 
solvents such as rnethanol. ethanol are used in 10 to 50 times the amount of the compound (Vffl) or (DC). 
The mixed solvents with chloroform or the Eke may be used to enhance the soiubiSty. The purification of 
the reaction product can be performed by a siSca gel <*romatoo/aphy. 

55 Subsequently, the arylsuJfonyl group at 23 position is removed reductively from the compound (X) or 
(XI) using e.g.. 5% Na-Hg in 2 to 20 times the amount of said compound to afford a compound of formula 
(XID or pail). This reaction is carried out at a temperature of 0 to 50 -C. usually room temperature for 5 to 
50 hours in proton solvents such as methanol, ethanol. etc which are used in 5 to 50 times the amount of 



6 



EP0 562 497A1 



said compound. The solvents may contain cfcsocfium hydrogenphosphale. Purification of the reaction product 
can be performed by a silica gel chromatography. 

The protecting group (FTAO) for 5.7<Seoe is removed from the compound (XJI) or (XJtt) using suitable 
reducing agents such as UAJHt, CH8AL (dBsobutyl aluminum hydride), etc, to afford the 5.7-cfiene 

s compound of formula (XIV) or (XV). This reaction is earned out at a temperature between room temperature 
and boiling point of the solvent for 0.5 to 5 hours in suitable solvents such as THF, ether, etc. The reducing 
agents are used in 1 to 10 times the amount of the compound (XII) or pail) and the solvents are used in 5 
to 50 times that of said compound. Purification of the reaction product can be performed by crystallization 
from ethanol, methanol, acetone or the fike. 

io Subsequently, the 5,7-diene compound of formula (XJV) or (XV) is subjected to irradiation foflowed by 
thermal isomerization to form the vitamin 0 derivative of formula (XVI) or (XVII)- The photoreaction is 
performed at a temperature of 0 to 50*C in suitable solvents such as ethanol, THF. ether, toluene which are 
used in 5 to 50 times the amount of said compound, preferably in a gas stream such as nitrogen or argon. 
The thermal isomerization is performed at a temperature between room temperature and boiling point of the 

is solvent in suitable solvents such as ethanol. methanol, toluene or the Bke, preferably in a gas stream such 
as nitrogen or argon. 

The vitamin 0 derivative of formula (XVI) or (XVII) is then tosytated and the tosytate is displaced by 
sorvotysis, e.g., methanol treatment under a basic corxfition (e.g., NaHCOj) to give the cycJovrtamin D 
compound of formula (XVIII) or (XIX). The tosylation is carried out under a similar condition to that of 

20 compound (IV)- The cycRzation is carried out at a temperature between room temperature and boiing point 
of methanol for 1 to 10 hours. The base, e.g.. NaHCOj is used in 1 to 50 times the amount of the tosytate 
and methanol is used in 10 to 150 times the amount of the tosytate. Purification of the reaction product can 
be performed by a silica gel chromatography. 

The cyclovitamin D compound of formula (XVIII) or (XK) is subjected to alrylBc oxidation (e.g.. using 

25 SeCfeA-BuOOH) to form the 1a-hydroxy-3,5-cyctovrtamin D derivative of formula (XX) or (XXI). This reaction 
is carried out at a temperature of 0 * C to room temperature for 0.5 to 5 hours in suitable solvents such as 
o3chloromethane. cfichloroethane. THF. etc. For instance, Se02 is used in 0.1 to 5 times the amount of the 
compound (XVIII) or (XIX) and t-BoOOH is used in 1 to 10 times the amount of said compound. Purification 
of the reaction product can be performed by a siBca gel chromatography. 

30 The 1o^ydroxy-3,5-cycJc*vitamtn D derivative of formula (XX) or (XXI) is sofvoryzed with e_g.. acetic 
acid to afford the 3£-acetyl compound of formula (XXII) or (XXJII) which is then subjected to saponification 
to give 1a-hydroxy vitamin D> of formula (I) or 1a-hydroxy vitamin 0% of formula (W). The sotvoryzing is 
performed at a temperature of 30 to 100 # C for 0.1 to 1 hour. For instance, acetic acid is used in 1 to 50 
times the amount of the compound (XX) or (XXI). The 30-acetate compound is purified by a saSca gel 

35 chromatography. The saponification is performed at a temperature of 0 to 50 * C m suitable solvents such as 
methanol, ethanol. using an aikafi such as NaOH, KOH, etc. Purification of the product is conducted by a 
silica gel chromatography followed by crystallization from suitable solvents such as ether, acetone, hexane 
or the mixed solvents. 

The sulfone derivative of formula (VI) or (VII) can be reaoHy prepared, as shown m Process Scheme B. 
40 by treating the sulfone derivative of formula (XXTV) or (XXV) with phosphorus oxychforide or meChanesuK 
tony! chloride under a basic condition to form the olefin derivative of formula (XXVI) or (XXVB) and then 
subjecting the olefin derivative to catalytic hydrogenation. 

1 a-Hydr oxy vitamin D? and 1<r-hyoroxy vitamin D* of the present invention possess reduced side 
effects as weti as more improved activity to increase a mineral bone density and more improved activity to 
45 induce a cell Differentiation as compared with known active forms of vitamin D. Therefore, the present 
compounds of formulae (I) and (II) can be used to treat or prevent vitamin D deficiency Diseases and related 

diseases, especially osteoporosis and psoriasis. 

r Thus the present invention further provides pharmaceutical compositions which comprise as active 
* ingredients 1o-hydroxy yjtamjn Py ancVor 1a-hydroxy vitamin fr. which have reduced side effects and 
so lower toxicity as compared with me known active forms of vitamin D». 

The pharmaceutical compositions of the present invention may contain other therapeuticaiy effective 
ingredients such as calcium salts. e.g_ calcium lactate, calcium phosphate, calcium gluconate and calcium 
hyoYogenphosphate and/or other trace element ingreoSents such as salts of magnesium, manganese, iron, 
copper, zinc and fcxfne ancVor other vitamins such as vitamin A. vitamin Bi and vitamin Bj, nicotinic acid 
55 amide, pantothenic add or "rts salts (e g., calcium salt), vitamin 8k, vitamin 8i?, foftc acid, vitamin C and 
vitamin E or the like. 

The pharmaceutical compositions comprising lo-hydroxy vitamin O? and Icr-hydroxy vitamin D* as 
active ingredients can be formulated into sold and Squid preparations according to conventional methods of 
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pharmacy. 

The sofid preparations can be oratty administered. tncJucfing tablets, coated tablets, capsules, dragees, 
powders, granules or the 6ke. In the formulation of soSd preparations, the active tngretfents can be 
employed in admixture with antioxidants and ptarmaceuticaDy acceptable vehicles or sofid carriers. 

5 Antioxidants include ascorbic acid, butylated hydroxyanisole or hydroqutnone. etc. Suitably pharmaceuti- 
cafly acceptable vehicles or sofid carriers include binders such as gelatine, sorbitol, tragacanth gum. gum 
arabic. CMC and polyvinyl pyrrofidone; fillers such as lactose, sugar, com starch, calcium phosphate and 
sifica; lubricants such as magnesium stearate, talc and polyethyleneglycol; disintegrating agents such as 
potato starch and wetting agents such as sodium lauryl sulfate, glycerol monostearate and the 6ke. The 

to sofid preparations are preferably formulated in unit dosage form, each unit containing 0 01 to 50 ug. 
preferably 0.05 to 10 ug of 1a-hydroxy vitamin E>7 or 1a-hydroxy vitamin Dt. 

The fiquid preparations can be administered parenteral^ including injections, solutions, suspensions, 
emulsions or the like. In the formulation of liquid preparations, the active ingreolents are dissolved in edible 
or absorbable oily materials. The oily materials include vegetable oils such as soybean oil. rape oil. com oil. 

75 peanut oil. almond oil. coconut oil, cacao butter; animal oils such as tallow oils and fish fiver oils; synthetic 
triglycerides such as middle chain long fatty add triglycerides and oily ester materials such as glycerol 
monostearate, glycerol monooteate, glycerol dioteate. glycerol rnonolaurate. glycerol dilaurate. porysorbate 
80. The Squid preparations can be admixed with various additives, vehicles or the fike which are employed 
in the formulation of solid preparations. AoVantageously, antioxidants such as ascorbic acid, butylated 

20 hydroxyanisole or hydroquinone are incorporated into fiquid preparations to increase the storage life of the 
active ingredients. 

The Squid preparations can be administered as such or in the form encapsulated in soft capsule. They 
can be formulated in unit dosage form such as soft capsule, each unit containing 0.01 to 50 ug. preferably 
0.05 to 10 ug of 1o-hydroxy vitamin Or or ta-hydroxy vitamin 0*. 
25 The dosage of the compounds according to the present invention is generally about 0.1 to 30 ug/day 
for the treatment of adult, copending on the age. body weight general state of health, sex. mode of 
administration or the Ske^j 

The invention is further illustrated by the following non-limitative examples. 

ao Example 1 . 

Synthesis of 1o-hydroxy vitamin D/ (I) 

(1) (22E>-5a,8a^4-Pr^yl-1^Hjrazolo)^^^gostaaerv3^<rf 30-t-butyUirnethylsifyl ether (III) 

35 

Ergosterol (102 g) and 4-phenyM ^.4-tria2oUr^3.5^one (42 g) were added to one fiter of methylene 
chloride and the mixture was allowed to react The reaction solution was concentrated and the residue was 
crystaJSzed from acetone to afford 873 g of 5a AH*-phenyM 2-un&ok>)S-*rgosten-30<t. This was 
Dissolved in DMF (400 ml), to which was added imidazole (27-2 g) and t-butyid^r^ylchlorosilane (27-2 g) 
40 and the mixture was stirred for 2 hrs. The reaction solution was poured into ice-cold water and extracted 
with chloroform. The chloroform layer was washed with water, condensed and crystaJfized from ethanol to 
give 102 g of the title compound. m.p. 190 # C 

NMR *(CDCbK 0.06(3H. $K 0.11(3H. s). 0.88(9H, s). 0.96(3H s). 1.0 2(3H. d, J = 6.8HzK 4.40(1H. 
mK 5.20(2H. m) x 6.07 and 6-20(2H, ABq. J = 8 .1Hzh 7.30-7.45<5H. m) 

(2) 5«,8a^4~FtKttyM^ra2o^^ 304-butylolmethytsayl ether (IV) 

(22E>5a,8oH4-Phenyl-1 2^azoloH^-«rgostacBen-3/3-ol 3^^kfimethyfe3y1 ether (M) (102 g) was 
dfesolved in one fiter of methylene chloride containing 1% pyriolne and the solution was cooled below 

so -65-C. Ozone was passed through the sotutfen at a rato oH.S g/hr for 5 hr^ 

hydride (15 g) and methanol (100 ml) were added and raised to 0*C. To the reaction solution was added 
diluted hydrochloric acid and stirred. The methylene chloride layer was separated, washed with socfium 
hyoVogencarbonate. dried and the solvent was dfetifed away. Purification of the residue by a sifica gel 
column gave 43 g of the recovered starting compound (HI) and 44.3 g of the title compound. m_p. 173 # C 

55 NMR *(CDCfeK 0.08(3H. s). 0.10(38. $K 0.82(38. s). 0.88(98. s). 0.9 7(38, s). 1.07(38. d. 

J = 6.8Hz) x 4.40(1 H. mh 6.13 and 6-29(28. ABq, J = 8 38Z). 7-29-7.46(58. m) 
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(3) 22-lodo-5a.8a^4^phenyM 2-urazoto^^ 3*-t-butyldimethylsilyl ether (V) 

5a.8a-(4-PtienyM f 2-urazoto>-23 r 24^n^ 30H-butylo1methylsilyl ether (IV) {443 g) 

was dissolved in pyritfne (500 ml), p-toluenesulfonyl chloride (27 g) was added and the solution was 
reacted under ice-cooing for 17 hrs. The reaction solution was poured into ice-cold water, stirred for 0.5 hr, 
extracted with ethyl acetate, washed with successive, diluted hydrochloric acid, aqueous sodium hydrogen- 
carbonate solution and saturated saline water and dried. The solvent was distil tod away to afford the crude 
22-tosylate (43.4 g). To a solution of the crude 22-tosylate (36.2 g) in acetone (400 ml) was added soolum 
iodide (36 g) and the solution was refluxed for 4 hrs. The solvent was distilled away, the residue to which 
water was added, was extracted with chloroform, washed with water, dried and the solvent was tfstiBed 
away. Crystallization of the residue from hexane gave 26.1 g of the title compound, m.p. 168*C 

NMR ft(CDCbK 0.08(3H. s) x 0.11<3H, s). 0.84(3H. s). 0.88<9H, s). 0.9 6(3H. s). 1.05(3H. d. 
J = 6.4Hz) v 3.09-3.1 7(2H. m) x 3.32(1 H. dd. J = 2.4 and 9.3Hz). 4.40(1 H. m) v 6.21 and 8.36<2H, ABq, 
J = 8.3Hz). 7.29-7.46(SH . m) 

(4) (24R)-5a,8tH4-PhenyM 2-urazok>y6-©rgosterv3^ (XII) 

(3S)-2>Dimethytt)uty1phenyl sulfone (VI) (7.4 g) was dissolved in dry THF (50 ml) and cooled to -20 • C. 
then 1.65 N n-outyl Khium (20 ml) was added dropwise and the mixture was stirred for one hour. 1> 
Dimethyl-2-fmida2oio1rK)ne (15 ml) was added, then a solution of 22^odo-5a.8o-(4-pheny^1^-urazolo)- 
23.24-dinor-6-cholen-30-ol 3-terl-butyWimethyteilyl ether (V) (18.2 g) in dry THF was added dropwise and 
the mixture was reacted at room temperature for 2 hrs. The reaction solution was extracted with a saturated 
aqueous ammonium chloride solution and ethyl acetate, the organic layer was washed with a saturated 
soolum chloride solution and dried. Removal of the solvent by distillation gave 24.8 g of a crude product 
(24S)-23-phenylsulfonyh5o,^ ether (VIII). 

This cruoe product was tfssolved in 5:3 nrothanol/chJoroform (800 ml), p-toluene sotfonic acid monohydrate 
(0.5 g) was added and the mixture was stirred at room temperature for one hour. Potassium carbonate was 
added, a supernatant was concentrated and water was added. The mixture was extracted with ethyl acetate 
and the solvent was cfistifled off. Purification of the residue by a silica gel column gave 1&7 g of (24S)-23- 
phenyteulfonyl-5a r 8a-(4-phenYV1 ,2-urazoloh6-ergosten-30-ol (X). The 23-phenytsulfonyl (1&7 g) was As- 
solved in methanol (500 ml), disodium hydrogenphosphate (10 g) and 5% sodium amalgam (100 g) were 
added and the mixture was stirred. After 17 hours, the liberated mercury was removed, the methanol 
solution was concentrated and extracted with water and chloroform, and the chloroform layer was 
concentrated. Purification of the residue by a silica gel column afforded 9.5 g of the title compound POT). 

NMR t(CDCb) : 0.76K).81(9H. m). 0.84(3H. d, J = 6.9Hz). 0.93(3H, d. J= 6.8Hz). 0.96(3H. $K 2.33(1 H, 
m). 2-50(1 H, m). 3.16(1 H. dd. J = 13.6 and 3.9Hz). 4.44 (1H. m). 6.23 and 6.40(2H, ABq. J = 8.3Hz). 7.30- 
7.46(5H. m) 

(5) (24R)-Ergosta-5,7-tfene-30-ol POV) 

To a suspension of fthium aluminum hydride (2 g) in dry THF (120 ml) was added dropwise a mixture 
of (24R>-5a r &H4-phenyM ,2-urazok>)^^o^sten-30-<>l (XII) (93 g) and dry THF (120 ml) and the mixture 
was reacted under reflux for 2 hrs. After Decomposition of excessive Sthium aluminum hydride in the usual 
way. the THF layer was separated and concentrated. Recrystaffization of the residue from ethanol afforded 
5.7 g of the title compound (XIV). 
m.p. 165* 

NMR MCOCfe) : 0.62(3H. s). 0.78(3H. d. J = 6.8Hz). 0-80(3H. d. J = 6.8Hz). 0.85(3H, d, J = 6.9Hz). 
0-93(3H, d. J = 6.9Hz). 0.96(3H. s). 3.64(1H. m). 5.39(1H. m). 5.57(1H, m) 



Elemental analysis for C29 H»«0 


Found 
CafcVJ 


C 84.40% 
C 84.38% 


H 11.89% 
H 11.63% 
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(6) Vitamin D? (XVI) 

A solution of (24R)^gosta-57^»ene-30-ol paV) (5g) in THF (1 fit) was irracSated for one hour wift high 
pressure mercury lamp (Usto UM-452. Usio OenW Co . Ltd.) using 1.5% potassium nitrate as a filter under 
water-cooling in an argon gas stream. The reaction solution was concentrated and provitamin Oj (1.5 gj and 
the 5.7-cfiene (2 g) were separated on a siBca gel column. The separated 5.7-dfene (2 g) was irradiated with 
5ght in a similar manner. The provitamin D7 was formed into the ethanol solution which was then refluxed in 
a nitrogen stream for 2 hrs to distil off the solvent Purification of the residue by a sifica gel column gave 
1 .65 g of the title compound. 

NMR «(CDCb> : 0.54(3H. s) x 0.77(3H. d. J = 6.3Hz) x 0.80(3H. d. J = 6 9HzK 0.8S(3H d. J = 6.9Hz) 
0.91(3H, d. J = 5.9HzK 2. 57(1H. dd. J = 12.7Hz and 3.5Hz). 2.82(1H. m). 3.95(1H. m). 4.82(1* d. 
J = 2.5HzK 5.05(1 H. s). 6 .03 and 6^3(2H. ABq, J = 11-2Hz) 

(7) 1-Hydroxy<J.5^yclovitamiri Dy (XX) 

To a solution of vitamin O7 PCVI) (1.65 g) in pyridine (50 ml) was added p^oKjenesulfonyl chloride (5.0 
g) and the mixture was stirred for 17 hrs. The reaction solution was cooled, water was added and the 
reaction mixture was treated in the usual way to afford the crude tosylate (2.0 g). To a solution of the crude 
tosylate (2.0 g) in methanol (100 ml) was added soolum hydrogefx^rbonate (9 g) and the mixture was 
reacted under reflux for 5 hrs. Methanol was distilled off. water was added, the reaction solution was 
extracted with ethyl acetate and the solvent was distilled off. Purification of the residue by a sifca gel 
column gave 1.44 g of 3.5-cyctovrtamin D7 (XVIII). To methylene chloride (45 ml) was added selenium 
dioxide (0.28 g) and a 2^.4-trimethylpentane solution (2.7 ml) of 3.0 M tert-outyl hydroperoxide at room 
temperature, which was stirred for one hour at the same temperature. To the stirred mixture was added at 
5*C a methylene chloride solution of the cydo compound (XVIII) (1.44 g), the mixture was stirred far one 
hour and 10% aqueous sodium hydroxide solution (50 ml) was added to cease the reaction. The methylene 
chloride layer was separated, dried and concentrated. Purification of the residue by a siBca gel column gave 
0.62 g of the title compound. 

NMR MCDCb) : 0.53(3H. s). 0.77(3H. d. J = 6.3Hz) v 0.80(3H, d. J = 6.9HzK 0.85(3H, d J = &9Hz) 
0.91(3H. d. J = 6.4HzK 2.26(1H. mh 2.64 (1H, mh 3.26(3H. s) v 4.19(1H. d. J = 9-2Hzh 4.2H1H. br) 4.9* 
<1H. d. J = 9.3Hz) % 5 .17(1H, *K 5-24<1H. s) 

(8) la-Hydroxy vitamin €h 30-acetate (XXII) 

A solution of 1 -hydroxy'3.5-cyclovrtamin D7 (XX) (0.62 g) in acetic acid (10 ml) was reacted at 55" C for 
15 minutes. The reaction solution was poured into an aqueous sodium hydrogencarbonate solution and 
extracted with ethyl acetate and the solvent was distilled off. Purification of the residue by a stfca gel 
column gave 0-27 g of the troe compound. This column purification could separate 1 ^-hydroxy vrtanwi O7 
30~acetate (50 mg) in the first effluent and 1o-nyr>oxy^ r 6-transvitamin Dy 30-acetate (100 mg) in the third 
effluent 

1 a- Hydroxy vitamin D7 30- acetate 

NMR *(CDCfe) : 0.54(3H. s). 0.77(3H. d, J = 6.3Hzh 0.80(3K d. J=6.9HzK 0.85(3H. d. J = 6SHz>. 
0.91(3H. d. J = 5^Hz). 2.04(3H, s). 2.40(1H, dd. J = 13.6Hz and 6-3Hz). 2ii9<1H. dd. J = 13.7Hz and 
3.4Hz). 2.81 (1H. dd. J = 12^>Hz and 2*HzK 4.41(1H. br). 5.02(1H. s). 5.19<1H. m). 5.34(1H. s). 6.02 
and 6.34(2H, ABq. J = 11.3Hz) 
1^-HyAoxy vitamin D7 3/3-acetate 

NMR HCDCh) : 0S3(3H. sK 0.77(3H. d. J=6.3HzK 0.80(3H, d. J*6.9HzK 0.85(3H, d. J = R9Hz) 
0.91(3H, d. J = 6.3HzK 2.06(3H, s). 2.60(1H, dd. J = 12.7Hz and 3.9Hz). 2.82(1 H. mh 4.18(1H. br) 4.9* 
(1H. mK 5.01(1H, sh 5.36(1 K sK 6.00 and 8.37(2H. ABq. J = 11.2Hz) 
1 a-Hydroxy-5.6-transvrtamin 30-acetate 

NMR *(COCfe) : 0S5(3H. s). 0.78(3H. d, J=6.3Hzh 0.81 (3H. d. J=6*HzK 0.86(3H, d. J=63Hz) 
0.92{3H. d. J = 5.8HzK 2.04(3H. s). 2.47(1H, dd. J = 14.7Hz and 6.9Hzh 2^9(1 H, dd J=117Mz and 
3.9Hzh 2.85<1H. mh 4. 49(1 H. br) % 4.99<1H. sh 5.13(1H. sh 5-25(1H. m). 5.81 and 6^7(2H. AB q. 
J = 11 -2Hz) 
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(9) la-Hydroxy vitamin DV (I) 

To 1a-hydroxy vitamin Or 30-acetate (XNI) (027 g). 10% ethanofic KOH (5ml) was added and the 
mixture was stirred for 0.5 hr. The reaction solution was poured into water, extracted with ethyl acetate and 
the solvent was distilled off. Purification of the residue by a siBca gel column afforded 022 g of the trtte 
compound, m.p. 174 # C (ether-nexane) 

(a] D a * +60.1* (c= 0.1. EtOH) 

NMR *(COCb) : 0.54(3H. s). 0.77(3H. d. J = 6.3Hz). 0.80<3H, d. J = 6.3Hz). 0.85<3H. d. J = 6.9Hz). 
0.91 (3H, d. J = 6.4Hz). 2.31 (1H. dd. J = 13.2Hz and 6.3Hz). 2.59(1 H. dd. J = 13.7Hz and 3.4Hz). 2.81 (1H. 
dd. J = 11.3Hz and 3.0Hz). 4.23(tH, m). 4.43(1H. m). 5.01(1H, s). 5.33(1H. s). 6.02 and 6. 348(2H. ABq, 
J = 1 1 2Hz) 

MS nVz (relative strength. %) 415(M**1. 31). 4t4(M\ 100). 396(52). 378(27). 296(12). 287(38). 269(26). 
251(24). 174{S5) 



Synthesis of 1o-hydroxy vitamin CW (H) 

(1) (24S)-5a.8a-<4-pbenyM Z-urazotoyS^xgosten-ZW (XHI) 

(3R)-2.3^rnethyft)utytphenyl sulfone (VII) (13-0 g) was disserved in dry THF (50 ml) and cooled to 
-20 *C, then 1.65 N n-butyl ItNurn (25 ml) was added dropwise and the mixture was stirred for one hour. 
1>Dimethyl-2^mklazo6<finone (22 ml) was added, then a solution of 22-kxJo-5a^^4-ptenyM 2-urazoto)- 
23£4^rxx-6-ctolen-30-ol 3-tert-butykSrrarthyteiryl ether (V) (28 0 g) in dry THF was added dropwise and 
the mixture was reacted at room temperature for 2 hrs. The reaction soMion was extracted with a saturated 
aqueous ammonium chloride solution and ethyl acetate, the organic layer was washed with a saturated 
sodium chloride solution and dried. Removal of the solvent by cBsti nation gave 26.7 g of a crude product 
(24R>-23>phenylsulfonyl-5a^4-pheny*-1 £-ura2oto~6-ergosterv30-<>l t-butykfimethyteiryt ether (IX). This 
crude product was cfissolved m 9:1 metharx>l/chlc<oform (1000 ml), p-toluene sulfonic acid rrxxxahydrate (1-0 
g) was added and the mixture was stirred at room temperature for one hour. Potassium carbonate was 
added, methanol was concentrated, water was added, and the sokition was extracted with ethyl acetate and 
the solvent was distilled off. Purification of the residue by a siBca gel column gave 24.3 g of (24R)-23- 
phenylsurfonyl-5o F 8a-<4^henyH £-*jrazc4oh6-ergosten-3^ (XJ). The 23-phenyl3«lfonyl (24.3 g) was ots- 
served in methanol (500 ml), tfsodwjm hydrogenphosphate (12.0 g) and 5% sodwm amalgam (100 g) were 
added and the mixture was stirred at room temperature. After 17 hours, the fiberated mercury was removed, 
the methanol solution was concentrated and extracted with water and chloroform, and the chloroform layer 
was concentrated. Purification of the residue by a siBca gel column afforded 7.63 g of the trtte compound 
(XHI). 

NMR *(CDCfe) : 0.7*0.82(9H. m). 0.85{3H. d. J=8-8Hz). 0S4<3H. d. J= 6.4Hz). 0.97(3H. s). 2^4(1 H. 
mh 2.51(1H. m). 3.17(1H. dd, J-13.7 and 4.9Hz). 4.46<1H, m). 6-24 and 6.41C2H, ABq. J = &5Hz). 730- 
7.45(5H.m) 

(2) (24S)-Ergosta-5,7Kfiene-30-ol (XV) 

To a suspension of WNurn akjrnmum hydride (1.8g) in dry THF (100 ml) was added dropwise a mixture 
of (24SV5a£o^+phenyM 2njrazoto)~6-ergosten -30-ol (XH1) (7.63 g) and dry THF (100 ml) and the mixture 
was reacted under reflux for 2 hrs. After decomposition of excessive fithtum akjmsnum hydride in the usual 
way. the THF layer was separated and uxcentrated. RecrystaJEzation of the residue from ethanol afforded 
3.74 g of the trtte compound (XV). 



NMR MCOCb) : 0.62(3H, s). 0.78(3H, d. J = 6.6Hz). 0.79(3H, d. J=6,8Hz). 0.86(3ri d, J = 6*bK 
0.93-0.96(6H, m). 3.63(1 H, m). 5 38(1 H. m). 5.5 7(1H. m) 

(3) Vitamin D* PCVII) 

A solution of (24Shwgosta-5,7-dfene-3^-ol pCV) (3.74 g) in THF (1 fit) was trraolated for one hour with a 
high pressure mercury lamp (Usk) UM-4S2. Usio Denki Co.. Ltd.) using 15% potassium nitrate as a filter 
under water-cooing tn an argon gas stream. The reaction solution was concentrated, and provitamin O* - 




m.p. 145 # C 
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(0.98 g) and the 5.7-cSene (0.78 g) were separated on a siBca gel column. The separated 5.7-cSeoe (0.78 g) 
was irradiated with fight in a similar manner. The provitamin D, was formed into the ethanol solution which 
was then refluxed in a nitrogen stream tor 2 hrs and the solvent was distilled away. Purification of the 
residue by a silica gel column gave 0.62 g of the title compound. 

NMR J(CDCb) : O.S40H. $K O.770H. d. J = 6.6HzK 0.78(3H. d, J=6.8HzK 0.66<3H. d. J = 8»^, 
0.92<3H. d. J = 6.1HzK £S8(1H. m). 2.83(1H. m), 3.95(1H, mK 4.82(1H. m). 5.05(1H. m). 6.03 and 624- 
(2H. ABq, J = 1 1 .2Hz) 

(4) la- Hydroxy vitamin Ot 30-acetate (XXIII) 



To a solution of vitamin 0, (XVII) (0.62 g) in pyridine (10 ml) was added p-tokienesultonyl chloride (2 0 
g) and the mixture was stirred for 17 hrs. The reaction solution was cooled, water was added and the 
reaction mixture was treated in the usual way to afford the crude tosylate (0.9 g). To a solution of the crude 
tosylate (0.9 g) in methanol (100 ml) was added sodium hydrogencarbonate (3 g) and the mixture was 

ts reacted under reflux for 5 hrs. Methanol was distilled off. water was added, the reaction solution was 
extracted wtih ethyl acetate and the solvent was distilled off. Purification of the residue by a siBca gel 
column gave 0.64 g of 3.5<yclovitamin D, (XIX). To methylene chloride (30 ml) was added selenium 
dioxide (0.18 g) and 2.2.4-triinethylpentane solution (13 ml) of 3.0 M tort-butyl hydroperoxide at room 
temperature, which was stirred for one hour. To the mixture was added at 5'C a methylene chloride 

20 solution of the cyctovitamin 0 (XK) (0.64 g). the mixture was stirred for 0.75 hour and 10% aqueous sodium 
hydroxide solution (50 ml) was added to cease the reaction. The methylene chloride layer was separated 
and concentrated. The residue was purified by a siBca gel column to afford 0.38 g of 1 -hydroxy-3 5- 
cyctovHamin D, (XXI). An acetic acid solution (10 ml) of the compound (XXI) (038 g) was reacted at 55 " C 
tor 15 minutes. The reaction solution was poured into an aqueous sodium hydrogencarbonate solution and 

zs extracted with ethyl acetate. The solvent was distilled away. Purification of the residue by a siBca gel 
column gave 0.16 g of the title compound. This column purification could separate 10-hydroxy vitamin D, 
30-acetate (30 mg) in the first effluent and 1a-hydroxy-5,6-transvitamin D» 3^-acetate (80 mg) in the third 
effluent 

lo-Hydroxy vitamin D» 3£-acetate (XXMI) 
» NMR «(CDCfo) 0.54(3H, sK 0.78(3H. d. J = 6.4HzK 0.79(3H. d. J=6.8HzK 0.86(3H. d. J = 6.8Hz) 

0S3(3H. d. J = 6.4HzK 2.41(1H. dd. J = 13.7Hz and 6. 4Hz). 2.59(1H. dd. J = 14.2Hz and 3.4Hz). 2iH(1H 

mK 4.400H. m). 5 .02<1H. $K 5-21(1H, sK 5.35(1H. sK 6. 03 and 6.34(2H. ABq, J = 1 1 .3Hz) 

Itf-Hydroxy vitamin D. 34-acetate 

NMR ^CDCfe) O.530H. sK 0.78(3H. d. J=6.8HzK 0.79(3H. d. J=6.8HzK 0.86(3H. d. J = 6.8Hz) 
35 0.92(3H. d. J = 5.9HzK 2.6K1H. mK 2.81<1H. m). 4.17(1H. mK 4.98(1H. m). 5.01(1H. s). 5.36(1H. s) 600 

and 6.38<2H. A Bq. J = 1 1 2Hz) 

1o-Hydroxy-5,6-transvitamin D» 30-acetate 

NMR J(CDCb) : 0.54(3H. sK 0.78(3H. d. J = 6.8HzK 0.79(3H. d. J = 6.8HzK 0.86(3H. d. J=68Hz) 
0.93(3H. d. J = 5.9HzK i49(1H. dd. J = 14.2Hz and 7.3HzK 2.74<1H. m). 2-85(1 H, m) 448(1H m) 4.99^ 
40 (1H.sK5.13(msK5^1HmK5^and6.57(2H.ABq.j = 1liHz) 

(5) lo-Hydroxy vitamin 0« 00 

To 1«-hydroxy vitamin D, 3tf-acetate (XXIIf) (0.16 g). 10% ethanofic KOH (5 ml) was added and the 
<s mixture was stirred for 0.5 hr. The reaction solution was poured into water, extracted with ethyl acetate and 
the solvent was distiBed oil. Purification of the residue by a silica gel column afforded 0.09 g of the title 
compound. 

mp. 148-149* C (ether-bexa*») 
(a) D »* +56.0 (C=0-2S. BOH) 
SO NMR '(COCfc) : 0.54(3H. sK 0.78(3H. d. J = 6.8HzK 0.79(3H. d. J = 6.BHzK 0JB6GH. d. J=6.8Hz) 
0.92(3H. d, J=6.4HzK 2L32(1H, dd. J = 13.4Hz and 6.5Hz). 2.66(1H. m). 233(1 H. mK 4^3(1 H. m). 4.4* 
(IH. mK 5.01(1H. s K 5.33(1H. s). 6.02 and 6.38(2H. ABq. J=11.2Hz) ' 

2^(3^ £4^2? Stren9th ' %> 415<M * + ^ 414<Kr - 100) - 396 < 61 >- 326 < 18 >. 287(48). 269(43). 

56 
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Example 3 

Activity test of 1a-hydroxy vitamin D« and 1a-hydroxy vitamin Dj 

s Female Wistar rats (9 week-oW) were given a usual feed containing 1.17% calcium throughout the 
entire experiment Seventy two rats were subjected to bilateral ovariectomy and right sciatic nerve 
amputation. Rats were divided into 9 groups of eight animals each. Another group of eight rats was 
subjected to sham operation. Over a period of 6 weeks after operation, each group was orally administered 
either 1a-hdyroxy vitamin P*. Icr-hydroxy vitamin Dy or 1a-hydroxy vitamin D* dissolved in 0.5% 

?o etr^anol/porpylenegrycol (vehicle) at the frequency of 5 days per week. The sham operated group and 
control group were orally administered the vehicle alone. The next day after final administration, rats were 
killed, blood was drawn from abdominal cave and right femur was extracted. The bone volume of femur was 
measured in accordance with Archimedes* principle. After heat treatment at 700 'C for 24 hrs. the weight of 
bone ash was measured. From these measured values, the bone density (ash weight^olume) of each femur 

is was calculated. Serum calcium concentration was determined according to usual method. The results are 
shown in Table 1. 

Table 1 

20 Test group Dosage Number Bone Serum calcium 

density concentration 
(ug/Kg/day ) of rats (rog/mm* ) (mg/dl) 

Sham 8 0.651*0.009 10.8*0.2 



25 



30 



Control 8 0.539*0.003 10.4*0.1 

Administration 



la-OH-D 3 


0.02 


8 


0.556*0.005 


10.8*0. 1 




0.1 


8 


0.54 5*0.007 


11.0*0. 1 




0.5 


8 


0.560*0.006 


12.4*0.2 


la-OH-D 7 


0.5 


8 


0.581*0.004 


10.5*0. 1 




2.5 


8 


0.585*0.007 


10.7+0.3 




12.5 


8 


0.589*0.004 


10.9*0.5 


la-OH-Dy 


0.5 


8 


0.576*0.006 


10.5*0.2 




2.5 


8 


0.583*0.003 


11.0*0.4 



The data of Table 1 incScate that 1«-hydroxy vitamin Oj and 1«-hydroxy vitamin CW exhtet much 
greater increase in bone density, i.e., potent activity to increase a bone mineral density and lesser rerease 
so in serum calcium concentration than known lo-tiydroxy vitamin Dj. 

Example 4 

Orally adrnintstrable lo-hydroxy vitamin O7 composition 

55 

1a-hydroxy vitamin Oj (10 mg) was added to one Ster of mkkfle chain tatty acid triglyceride (MCT) and 
stirred to form a uniform solution with 10 up/ml of 1cr-hydroxy vitamin Or concentration. 1/5 ml portion of 
the resultant solution was capsuled in gelatin by a conventional technique. In a similar manner, one capsule 
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was prepared from each solution with 20 ug/ml of 1a-hydroxy vitamin Or concentration. 
Claims 

1. A to-hydroxy vitamin D compound of formula (I) or (II) 



R, R« 




(I) :R, = CH,. R, = H 

(II) :R, = H. R,= CH, 



2* A compound off claim 1 wherein said compound is 1a-hydroxy vitamin D?. 

25 

Xx A compound of claim 1 wherein said compound is 1a-hydroxy vitamin D*. 

X 4. A prtarmaceuticaJ composition for preventing or treating vitamin 0 deficient diseases, which comprises 
as an active ingredient an effective amount of a compound of formula (I) or (If) 



R, R, 




(I) : R, = CH 3 . R 2 =H 

(II) : R, = H. R,= CH, 



in combination with a ptamtaceutica&y acceptable vehicle. 

A pharmaceutical composition for preventing or treating osteoporosis, which comprises a physiology 
cafly acceptable vehicle and an effective amount of a cornpound of formula (1) or (II) 
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Ri Rt 



h6 




(I) : R, = CH 3 . R,= H 

(II) : R, = H. R,= CH, 



rs 



20 



6. Use of a compound of formula (I) or (II) 

R. Rt 



oo 




( I ) : R, = CH,. R, = H 
(II) : R, = H. R,= CH 3 



HO OH 



35 for the preparation of medicaments for treating osteoporosis. 

7. A method of preparing a 1a-hydroxy vitamin D? compound of formula (I) 



R, Rt 



so 




(1) : R, = CH,. R,= H 



55 



h6 oh 



which comonsesc 

(a) condensing the 22-hato compound of formula (V) 
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Ph 



with a sulfone derivative of formula (VI) 




(VI) : Ri=Me. R, = H 



to form a compound of formula (VIII) 

Ri Rt 




(VIII) : R i = Me. R*=H 



(b) removing from the resultant compound (VIII) the protecting group at 3£-posr6on and then the 
arylsulfonyl group at 23 position to form a compound of formula (XH) 
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(c) removing from the resultant compound (XII) the protecting group (PTAD) tor 5,7-dtene to form a 
compound of formula (XIV) 




(XIV) : R,=Me. R*=H 



HO 

(d) subjecting the resultant compound (XIV) to irradiation followed by thermal tsomerization to form a 
vitamin D7 compound of formula (XVI) 




(e) tosytating the vitamin Oj compound followed by sofvoryzing toe vitamin D7 tosytete to form a 3,5- 
cyctovitamtn D7 of formula pCVIII) 
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R, Ri 



70 



MeO 



(XVIII) : R, = Mc R 2 = H 



(f) oxidizing the 3.5-cyclovitamin D? to form 1 a^ydroxy-3.5-cyclovitamjn Dj of formula (XX) 



25 



X 




(XX) : R,=Me, R, = H 



OH 



35 

and 

(g) sequentially solvotyzing the 1 a-hyoYoxy-3,5-cyctovitamin D? and subjecting to saponification the 
lo-hydroxy vitamin 30-acetate of formula (XXH) to give 1a-hydroxy vitamin D7. 



40 & A method of preparing a lo-hydroxy vitamin D* compound of formula (II) 

R. R, 




which comprises: 
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(a) condensing the 22 -halo compound of formula (V) 




with a surf one derivative of formula (VU) 




(VII) : R, = H. R 2 = Me 



to form a compound of formula (DC) 




(b) removing from the resultant compound (DQ the protecting group at 30-posrtion and then the 
arylsutfonyl group at 23-posrtion to form a compound of formula (XIII) 
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R, R; 



HO 




(XIII) : R, = H. R,=Me, x=h 



(c) removing from the resultant compound (XIII) the protecting group (PI AD) for 5.7-diene to form a 
compound of formula (XV) 



R i R ; 



HO 




(XV) :R, = H. Rj=Me 



(d) subjecting the resultant compound (XV) to irradiation followed by thermal isomerization to form a 
vitamin D« compound of formula (XVII) 



Ri R i 




(XVII) : R, = H. Ri=Me 



HO 



(e) tosylaling the vitamin D» compound followed by sofvofyzing the vitamin O, tosylate to form a 3,5- 
cyclovitamin 0» of formula (XIX) 
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(XIX) : R, = H. R, = Me 



(f) oxkfizing the 3.S<yck>vitamin D* to form 1o4>ydfOxy-3.S<yclovHamin 0* of formula (XXI) 




(XXI) : Ri = H, R 2 = Me 



OH 



and 

(g) sequentiafly solvoryzing the 1o^ydroxy-3,5<yck>vitamin O* and subjecting to saponification the 
la-hydroxy vitamin D* 30-acetate of formula (XXJH) to give 1o-hydroxy vitamin O*. 
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